IN THE DRAWINGS: 



Please amend Figures 1, 2 and 6 as shown on the attached sheets, including formal replacement 
sheets and annotated sheets showing the changes made. In Figure 1 several terms are replaced with 
other terms having similar meaning, but which constitute more idiomatic English. In Figure 2, "near 
infrared" is replaced with ~ NIR ™. In Figure 3 "Secondary-differential" is replaced with ~ 
Second differential ™ and — Value of difference spectrum — - is added as a definition of the values 
indicated at the right vertical side of the chart. 



] 

REMARKS 

Upon entry of the present Preliminary Amendment- A the claims in the appUcation 
remain claims 1-4, of which claim 1 is independent. 

Several terms and phrases in the title, specification, claims, drawings and abstract are 
amended by replacement with altemative terms and phrases having corresponding meaning, but 
which constitute a more accurate translation of hitemational Application PCT/JP2005/003517 and 
constitute more idiomatic English. Again, in Figure 1 several terms are replaced with other terms 
having similar meaning, but which constitute more idiomatic English. In Figure 2, "near infrared" 
is replaced with ™ NIR In Figure 3 "Secondary-differential" is replaced with — Second 
differential — and — Value of difference spectrum — is added as a definition of the values indicated 
at the right vertical side of the chart. 

The amendments to the title, specification, and abstract are incorporated in a substitute 
specification being filed concurrently herewith. Pursuant to 37 CFR 1.125, applicant encloses 
herewith a clean version of the substitute specification, a marked up copy of the specification 
showing the changes made thereto, and a verified statement by the undersigned attomey attesting 
to the fact that no new matter is introduced by the substitute specification. 

Applicant respectfully submits that all of the above amendments are fully supported by 
the original application. Applicant also respectfully submits that the above amendments do not 
introduce any new matter into the application. 

Favorable consideration is respectfully requested. 

Respectfully submitted, 
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KNJ-235-A 

METHOD FOR LEVELINC STANDARIZING SYSTEM RESPONSE 

CH.\RACTERISTICS OF SPECTR0SC0PE SPECTROPHOTOMETER 



DESCRIPTION 

Cross-re ference To Related Ap plications 

iS^QJJ The present application is t he US National Phase of International 

Application PCT/JP2005/Q01 517. which in turn claims convention priority from 
Japanese patent application 2004-05844^. fi led 03 March 2004. The entire disclosures 
of the referenced International and J apanese p ri ority documents are incorp orated 
herein bv reference- 
Technical Field 

[000 1 ] The present invention relates to a method for lovoling a 
opootrogoopostandardizinp system response ohamotoriatio for oorrootin g of a 
spectrophotometer in order to correct the HifiFnrnnpn hr^t^mnn npn,^t»-"?rcpp rc;]pon3c 
chorQctoristicsspectrophotometric differences generated due to the difference 
hetweeain response characteristics of a light source, spoctrograp hw avelength selector. 
and sensor. 

Background Art 

[0002] To control measurement errors and fluctuations generated bv a plurality 
of inspection instruments fenaas sin large scale production of products, it-the 
adjustment to fit each instrument is frequently performed to adjuot oach inapoction 
inotrumontby using an exclusive jigrtooL However, in tho caao of calibration ofw hen 



^2_2 

many check points are present to calibrate the inspection instruments, lots of work 
times and predetermined man-hours are required when many chock points ar e pr e s e nt 
and finally, the adjustment cost greatly influences a product price. Therefore, it is 
preferable to minimize the number of check points r e quiring adjustm e nt. t o calibrate 
the instrument. However, in the case of a product for which accuracy of inspection 
instrument is requested, artifice is necessary. 

[0003] For example. Patent Document 1 describes the following expression as a 
r e lative r e lational oxpr e ssion for showing the corrolatio nr elationship between the 
measured value and the t rue valu e of a reproduced signal on an optical disk and the 
measured signal produced bv an optical disk inspection instrument in order to 
reproduce an optical disk to bo inspected bv an optical disk w ith similar signal using 
multi- inspection instruments. 

True value Yi=Gain correction coefficient ajxmeasured value Xj+offset 
correction coefficient bj (a) 

X\ : Measured value of reproduced signal 

Yi: True value of reproduced signal 

aj: Gain correction coefficient for correcting gain for each interval 

bji Offset correction coefficient for correcting offset for each interval 

Mor e over, th oT he gain correction coefficient aj and the offset coefficient bj are 
obtained for each interval. Furthermore. Patent Document 1 describes a method for 
calibrating m e asurement mcan se ach optical disk inspection instrument in accordance 
with [[a-Jlthe.calibrated vafeevalues obtained by using th e computing m e ans 
^ ^xpression (al. Furthermore, Patent Document 1 describes a method for inspecting 
an optical disk to be inspected is d e soribod in Patent Document 1. u sing calibrated 
ins')ection instnure^fs 



Patent Document 1 : Japanese Patent Application Publication No. 
2003-1897440 



Di s closur c Summarv of the Invention 

[0004] However, when an object to be inspected has a frequency (wavelength) 
charactoristi cr esponse more complex than that of an optical dis k and the reflection j for 
example, spectrum of an apple ^-measured in a wavelength range of 700 to 1,100 nm 
by usin g, for e xample, _ a discr e t cd ispersive -type near infrared apporatu s instrument , 
there is a problem that individual difference between objects to be measured is large? 
which is not proscn tr than that presented in an optical disk. 

Though the approximate expression (a) shown in Patent Document 1 is used, it 
is impossible to find a proper linear correction parameter as shown by linear correction 
data in Table 1. 

Also when using the following approximate expression (b) using a 
more-complex polynomial, 

y = ko + kis + k2X^ (b) 

it is impossible to find a proper polynomial parameter as shown by the polynomial 
correction data in Table 1 . 

[0005] — 

[Table 1] 



Adjustment }i»e-condition 


Calibration method 


MLR 


PLS 





SEP 


Bias 


SEP 


Bias 


No adjustment 


0.34 


-0.42 


0.35 


-0.53 


700-1,100 nm linear correction 


0.34 


-1.07 


0.32 


-1.31 


700-1,100 nm polynomial correction 


0.34 


-0.48 


0.31 


-1.14 


850-1,050 nm linear correction 


0.34 


-0.46 


0.32 


-1.24 


850-1,050 nm polynomial correction 


0.34 


0.25 


0.31 


-1.06 



(Note 1) Analysis algorithm 
MLR (Multiple Linear Regression) 
PLS (Partial Least Squares) 
(Note 2) 

SEP: Residual-error standard error ( Standard error of bia s Bias -corrected 



e xp e cted valuo) standard error of prediction) 

Bias: Average of differences between e stimated values and ch e mical analysis 
actuaLvalues according to chemical analysis and estimated values according to n ear 
infrared spectroscopy 

[0006] Moreover, when moving a calibration model (hereafter referred to as model) 
for performing quantitative analysis and qualitative analysis by using the near infrared 
spectroscopy from a unit developing the model to another similar unit, an error occurs 
due to the difference between spectral - apparatus response 

charactcristics. spectrophotometric system responses. In the case of the quantitative 
analysis, there is a method referred to as bias correction method of the model as a 
correction method. However, this method is correction of t o correct a n estimated 
result^ which requires correction for each model and labor and whose operation is 
complicated. 



However, the correction method for qualitative analysis is not developed yet. 

[0007] It is an object of the present invention to provide a method for l e v e ling 
r e sponse characteristics standardizing svstem response o f a 

gp e ctroscop o spectrophotometer for correcting the distortion of a spectrum generated 
due to the difference between sp e ctroscop e r e spons e characteristics svstem responses 
of spectrophotometers so that a model developed by a p^^enfenaster unit can be used by 
a^Hl dslave unit. 

To achieve the above object, a method of the present invention for 
l e v e lin g standardizing the svstem r esponse charact e ristic of a sp e ctroscope provid e s a 
m e thod fo r spectrophotometer involves adjusting the svstem r esponse characteristic of 
a ^ttWslave unit to the systOTLresponse characteristic o f a par^itaiasto unit by 
subtracting the spectrum of a standard substance measur e d by th e par e nt xmit, for 
example, secondary diff e rential spectrum from the sp e ctrum of the standard substanc e 
m e asured by the child xmit, for example, secondary - diff e r e ntial gpoctrum ther e by 
obtaining the difference spectrum between the child unit and the par e nt unit, and 
th e r e by subtracting the difference spectrum from the s e condary differential spectrum 
of e ach sample to be m e asured by the child imit. c alculating the difference spectrum 
between the slave unit and the master unit. For example, the difference spectrum may 
be calculated by subtracting a spectrum of a standard material for example, a second 
derivative spectrum, measured bv the slave unitrfef-from a second derivative spectrum 
of a standard material measured by the master unit. Then the spectrum of each object 
measured by the slave unit is standardized bv subtracting with the calculated 
difference spectrum. By using the se condary diffcrcntial second derivative spectrum 
for calculating the difference spectrum , there is an advantage that fe ebaseline shift ef 
th e base lino is eliminated. 



[0008] As the spectrum of the standard substanc c material the spectrum of a sample 
to be measured, s e condary differontial second derivative spectrum, or average 
spectrum of the spectrum of the sample and the secondary - difiF e r e ntial sp e ctru mt hose 
spectra mentioned before is considered. In the case of the average spectrum, the 
following two cases are assumed: a case of measuring a plurality of sp e ctrums spectra 
by one sample to be measured and obtaining the average spectrum and a case of 
measuring a plurality of spectrum s spectra by a plurality of samples and obtaining the 
average spectrum. 

[0009] An apparatusapparatu s instruments to which near infrared spectroscopy is 
applied is constituted of a .b e am of light, spectrograph, light source, 
sp e ctrograp h wavelength selector, and sensor. Wavelength characteristics, 
luminanco s light intensity , and sensoLsensitivities of th e mthe m spectrophotometer are 
delicately different for each individual piocopioc c instrument and the combination of 
spoetroscopo response chamctoristic which isis these responses gives the overall 
characteristic of the instrument which is apparatus is delicately different for oach 
apparatus. Moroovo r delicatelv different for each instruments. Moroovc r in addition, a 
shift of the wavelength of a spcctro s copeGpcctroscop cbetween each 
spectrophotometer occurs. However, the spectroscope respons e charact e ristic is 
peculiar to e ach apparatugcharaotcristi c spectrophotometric system response is 
peett fespecific to each apparatus instrument when a light source, 
sp e ctrograp h wavelength selector , and sensor are decided. 

[00 1 0] Therefore, because a shift of absorbance value of a childchil d slave unit in 
each wavelength from a parentparcn tm aster unit similarly occurs in each sample to be 
measured, it is possible to correct a spectrum distortion generated due to the difference 
between spectroscope response charactcristicscharact e ristic s spectrophotometric 
system responses by subtracting the shift of the absorbance value in each wavelength 



from the spectrum of each sample, for example, second ary difFerontial derivative 
spectrum. 

[00 1 1 ] According toto Bv using the present invention, in the case of a fruit s«gaF 
content aolccto r sweetness sorting machine, it is easy to move a sugar - cont e nt 
analytical distillation dev e loped by a roforonco soloction lino (par e nt unit) transfer a 
mathematical model to predict sweetness developed from spectra of a master unit to a 
plurality of other s e lection linos (child xmit), sweetness sorting units (slave units). By 
this invention, the d ifference between lines is eliminated, and the reliability of the 
s e l e ctorsolccto r sweetness sorting machine is improved. Moreover, there are 
advantages that the s e l e ctorsclocto r sweetness sorting machine is easily maintained and 
persons are released from the hard work at the job site for correcting the difference 
between lines T by the conventional bias-correction technique. 



Brief Description of the Drawings 

[0012] Figure 1 is an illustration showing an example of an apple sugar content 
s e l e ctor: sweetness sorting machine: 

Figures 2(a) and 2(b) are illustrations showing secon dary differ e ntial 
sp e ctrums derivative spectra m easured by near infrared apparatusos{n e ar infrar e d 
apparatuGO sN IR) instruments A and B; 

Figure 3 is an illustration showing an example of applying a model developed 
by the n e ar infrar e d apparatusapparatus NIR instrument A to the spectrum of the near 
infrar e d apparatusapparatus N IR instrument B: 

Figure 4 is an illustration showing a difference spectrum obtained by 
subtracting the s e condar v secon d darv differential derivative spectrum of an apple 
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measured by the near infrared apparatusapporatus N IR instrument A from that of an 
apple measured by the n e ar infrar e d apporatusapparatus N IR instrument B; 

Figure 5 is an illustration showing an example of applying a model developed 
by the n e ar infrared apparatusapparatus N IR instrument A to the lev e ling 
spoctrumspcctrum standardized spectra of the n e ar infrared apparatusapparatus N IR 
instrument B: and 

Figure 6 is an illustration showing a difference spectrum obtained by 
subtracting the average spectrum of second ary differential sp e ctrum s derivative 
SEectra^measured by a parontparon tm aster unit from the average spectrum of 
second ar^^ differential spectrum s derivative spectra m easured by a childchil d slave unit 
and the average spectrum of the parentparcn tm aster unit. 

Best Mode for Carmng Ou t Petailed Description of the Invention 

[001 3] Bes tA best mode for carrying out the invention is described below. Figure 1 
is one of the embodiments of the present invention, which shows an example of an 
apple sugar content solcctor. sweetness sorting machine. In the case of the 
seleete rsweetness sorting machine , a tungsten lamp is used for the light source, a 
diffraction grating is used for the sp e ctrograp h wavelength selector, and a diode array 
detector is used for the sensor. 

[0014] At the stage for preparing a model by the por e ntparen t master unit in Figure 
1(1), a plurality of samples (apples) 1 to be measured are measured by the sensor 2 of 
the porentparontm astgr unit to obtain the second ary differential s pectru m derivative 
spectrum 3 of the parontparon tm aster unit. Then, chemical 




is obtained by the chemometrics method such as the multiple regression analysis in 





^component values 4 of the samples (apples) 1 are obtained. A model 5 



accordanco withwit hb ased on the data for the above second ary difforontial derivative 
spectrum 3 and the above chemical component values 4. 

[00 1 5] At the stage for obtaining the difference between spectral characteristics of 
the porontparon t master unit and ohildohil d slave unit in Figure 1(2), a plurality of 
samples (apples) 6 to be measured are measured by the sensor 2 of the 
parcntparcntmaster unit to obtain the average spectrum of the second ory difforontial 
opoctrums derivative spectra o f the pnrnntpnrnnH i^agtg- .,n,t Then, the same samples 
(apples) 6 to be measured are measured by the sensor 8 of the ohildohild s lave unit to 
obtain the average spectrum 9 of the secon dary differential spcctrum s derivative 
SEecto.of the childchil d slave unit. Moreover, the difference spectrum 10 betwem 
s e condary difforontial valuc s of second derivative vahies is obtained by subtracting the 
average spectrum 7 of the parontparon tm aster unit from the average spectrum 9 of the 
ohildohil d slave unit. 

At the stage for lo\'olinglovcli ng standardizing the spectral characteristics of the 
ehiWehiyslave unit in Figure 1(3), each sample (apple) 11 to be measured is measured 
by the sensor 8 of the ohildohil d slave unit and the second ary difforontial derivative 
spectrum 1 2 of the childchil d slave unit is measured to obtain a 
levolodlovolodstandardized secon dary' difforontial derivative spectrum 13 obtained by 
subtracting the difference spectrum 10 from the second ary differential derivative 
spectrum 12. By applying the model 5 to the lovolodlovolo d standardized 
secon dary difforontia l derivative spectrum 13, a purposed chemical component value 
14 is obtained. 

[001 6] Figure 2 isisshows near infrared second an^ differential spoctrum s derivative 
SEech:a of apples (product claa s varietv : Fuji) measured by two ^jseret edispersive -tvpe 
near infrared appamtuoosappamtuso si nstruments ( >JIRS6500 mado by NIR 
SvstemsNIRr Systems. NIRSfi^nm (referred to as near infrared 



apparatusosapparatuscs NIR instruments A and BV The near infrared 
apparatuGQpparatu s instrument uses a tungsten lamp as a light source, a diffraction 
grating as a spectrograp hw avelenpth selector, and a.silicon detector as a sensor. 



[00 1 7] The following m odel of th e following expression i s developed 
throughthroughb y multiple regression in accordanc e withwit hb ased on the 
second ar>^ differential derivative values measured by the NIR instrument A and sugar 
contents (Brix values) of spoctrums of 100 apples^ measured by the near infrared 
apparatus A. 

C = 16.035 - 266.386D2A(906) + 1351.578D2A(870) 

...(1) 

In this cos c Where . C donotcsi s_a Brix value^ and D2A(906) and D2A(870) are 
second ary differentia l derivative values of spoctrumssp e ctrum s spectra at 906 nm and 
870 nm, respectively. 

[00 1 8] Figure 3 shows results of applying the model of the above expression ( 1 ) to a 
spectrum measured by the n e ar infrared apparatusapparatu flN IR instrument B. In this 
case, it is found that a negative bias of -0.42° Brix is generated. 

[001 9] Figure 4 is a difference spectrum obtained by subtracting the average 
spectrum of the near infrared apparatus A from the av e rage spectrum of 
s e condarydifforontial flpoctrums second derivative spectra of the above 100 app les 
measured by the n e ar infrared apparatusapporatus N IR instrument A from the average 
spectrum of secQndar\r difFcrontial Qpoctnimr . derivative spectra of the above 100 
ap ^same samples mea s ured bv the near infrared apparatu sN IR instrument B. 
Figure 4 shows the wavelength range of 860 to 9 1 0 nm to be used for the model. It is 
found that the second ary differential derivative v alue of the n e ar infrar e d 



gpparatusQpparatus NIR instrument B is slightly larger than that of the near infrar e d 
apparatusapparatus N IR instrument A in the wavelength region. At 906 nm, the 
second ary differential derivative value is tefg elareer by 0.002 1 5 1 5 and at 870 nm, the 
value is large by 0.0008 1 03. Therefore, when assuming that the second ary - differential 
derivative v alues at 906 nm and 870 nm of the n e ar infrared apparatusapparatus N IR 
instrument B are D2A(906)b. and D2A(870)b, respectively, a corrected value is 
obtained from the following expression. 

D2A(906) = D2A(906)b - 0.0021515 

D2A(870) = D2A(870)b - 0.0008 103 ... (2) 

By substituting the value of expression (2) for the model of expression (1), it is 
possible to apply the model developed by the n e ar infrared apparatusapparatus N IR 
instrument A to the spectrum measured by the n e ar infrared apparatusapparatus N IR 
instrument B. 

[0020] Figure 5 shows results of correcting and recalculating the data shown in 
Figure 3 by the above described method. A bias becomes 0.05° Brix and occurrence of 
errors produced due to the difference between spectroscop e r e spons e 
charact e risticscharactoristics svstem responses of spectrophotometers is almost 
cancelled. This improvement degree is clear as a result of comparing with calibration 
result data of linear correction and polynomial e xpression correction in Table 1. 

[002 1 ] Figure 6 shows a difference spectrum obtained by subtracting the average 
spectrum of second ary differential spcctrum s derivative spectra m easured by the 
par e ntparen tm aster unit from the average spectrum of second ary differential spectrum 
derivative spectra m easured by the childchil d slave unit and the average spectrum of 
the par e ntparen t master unit in a wavelength region of 850 to 1 ,050 nm together. When 
assuming a difference spectrum as AA(X) and a second ary diff e r e ntial derivative 
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spectrum of eacha -sample measured by the childchild slave unit as Sb(^), a 
Icvolodlovolcd standardized second ar>^ differential derivative spectrum Sc(X) is shown 
by the following expression. 

ScW = Sb(X)-AA(>.) ..,(3) 

In this case, X denote s Where, X d ^ietesis a wavelength (nm). 

Industrial Applicability 

[0022] It is possible to apply leveling of the Gpcctroscopo response 
choractcristiccharactoristi ct he standardization -method for standardizingef system 
response of spectrophotometer by the present invention to a lino for measurin g , for 
example, a sweetness s orting machine which measures the spectrum of fruit moved by^ 
for example, a belt conveyer and solocting selgctsfflg the fruit in accordance with a 
chemical component value such as a n obtained sugar content. 

100231 Although the re have been described what are the present exemplary 
e mbodiments of the invention, it will be understood that variations and modifications may be 
made there to within the spirit and scope of the appended claims. 



ABSTRACT 

A method for leveling spoctroscopo response charactcristics standardizing 

system response of spectrophotometer which corrects the difference between 
spoctroscopo respons e charactoristic s spectrophotometric system responses generated 
due to the difference b etwcc n in response characteristics of a light source, 
spoctromoto rw avelength selector, and senson and involves obtaining the difference 
spectrum between a p ar^ rtmaster unit and a e hil dslave unit relative to a standard 
s ubstanc om aterial and adiustin g standardizing the response characteristic of the 
^»ldslave unit to the re sponse characteristic of the p ^^en tmaster unit by subtracting 
the difference spectrum from the spectrum of each sample to be measured by the 
ehil dslave unit With an apparatusapparatu s instrument which is constituted of a light 
source, spoctroscop ow avelength selector , and sensor and to which a noar infrarodN IR 
spectroscopy is applied, a shift of an absorbance value ininat each wavelength of the 
childchil d slave unit from the absorbance value of the parontparon tm aster unit is 
similarly generated in each sample to be measured. Thoroforo, bv Bv subtracting the 
shift of the absorbance value at each wavelength from the spectrum of each sample, it 
is possible to correct the spectrum distortion generated due to the difference between 
systeoLresponse characteristics of spoctroscopo s of spectrophotometer . 
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FIG, 1 



(1) Creation of model by parent unit, Create a model in accorance with a secondary- 
differential spectrum and chemical value rrieasured by parent unit. ^ 



/fsugar content selector^ |/j5econdafv-^ifferent^> 
V iparent unit)2 / ^ So^t^ma ^ 
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# Models 



Chemical component 



(2) Difference between spec^rarchaf-aetefistlS^f parent Unit and child unit (Measurerheh 
of difference spectrum), Obtain a difference spectrum obtained by subtracting the 
average spectrum of secondary-differential spectrums of a parent unit from the 
,gv|rage spectrunfi of sec6ridary-<j'ifferehtial spectrums of a child unit. 



enh^ 



rAverage spectrum 7 of secondary -differentii 
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(3) Leveling of spectral characteristic of child unit, Level the spectral characteristic of a 
child unit by subtracting the difference spectrurn obtained in (2) from the secondary- 
differential spectrum of each measurement sample to be measured by the child unit. 
By applying the model obtained in (1 ) to the leveled spectrum,, it is possible to estimate 
Hgnical component value ectual to the case of a parent unit 
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